Introduction
The Middle Miocene, currently dated to 15.97-11.63 m.a. (Cohen et al. 2013 (Cohen et al. [updated 2017 , was a period of severe abiotic and biotic changes both on a global and regional scale. Two events partly fall into this period: the Mid-Miocene Climatic Optimum (approximately 17-15 m.a.) as well as the Middle Miocene Climate Transition at 14.2 to 13.8 m.a., which is linked to the expansion of the Antarctic ice sheet (Shevenell et al. 2004 ). The Central Paratethys region underwent several transgressional cycles, a severe sea-level drop of up to 120 m probably related to the afore-mentioned growth of the Antarctic ice shield, and the demise of marine conditions in the North Alpine Foredeep during the Badenian (Harzhauser and Piller 2007) .
The fossil plant record of this period has been interpreted more controversially than for any other Miocene period ranging from "Buschsteppe", "Savanne" and "Macchia-und Hartlaubgewächse mediterraner Prägung" (Berger and Zabusch 1953) and Mediterranean-like vegetation (Andreánszky 1959 , Szafer 1961 ) to deciduous mesophytic forests under (semi) humid-temperate climate (Cfa sensu Köppen) for plant assemblages from the Alpine Foredeep (Gregor 1980 (Gregor , 1982 .
For the Late Badenian and Middle Pannonian, traced the vegetation of the Paratethys region on palinspastic palaeogeographic maps, thus only partly covering the here-discussed region and time interval. Further studies considered whole western Eurasia. These include the vegetation assessments performed by KovarEder and Kvaček (2007) and Kovar-Eder et al. (2008) based on the Integrated Plant Record (IPR) vegetation analysis and by Utescher et al. (2007) evaluating plant functional types. Most recently, Henrot et al. (2017) deduced the vegetation from climate models for the Middle Miocene.
Attempts to assess climatic evolution are based on diverse resources such as herpetofauna (e.g. Böhme 2003 , Böhme et al. 2008 , mammals (e.g. Van Dam and Utescher 2016) and plants , Bruch et al. 2011 ). The results of those studies are partly also very controversial, assuming distinctly drier conditions in the Langhian/Serravallian compared to the earlier and later periods (Böhme et al. 2011) , while concluding very high precipitation in the Langhian and lower precipitation with seasonal changes in the Serravallian (Bruch et al. 2011) . Other attempts are too imprecise to decipher regional features (e.g. Henrot et al. 2017) . Here, we reinvestigate the rich Middle Miocene plant record of the wider Central Paratethys region by applying the IPR vegetation analysis to assess zonal vegetation units, i.e. vegetation at low altitudes under mesic conditions. FOSSIL IMPRINT • vol. 74 • 2018 • no. 1-2 • pp. 115-134 (formerly AC TA MUSEI NATIONALIS PRAGAE, Series B -Historia Naturalis)
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Material and methods
From the Langhian/Serravallian, 31 plant assemblages (leaves, fruits, pollen) from 27 sites were selected from the wider Central Paratethys region. This includes the Central Paratethys, the Carpathian and the North Alpine Foredeeps, the Norian Depression, the Swabian Alb, and the southern Bohemian Massif (Text-fi gs 1, 2, Tab. 1). Strong emphasis is put on independent dating (i.e. dating by means other than by plant remains) to achieve reliable resolution in time. The depositional facies range from maar lake deposits at Randeck Maar and lacustrine sediments in the impact crater lake at Steinheim on the Swabian Alb to lacustrine sediments (Parschlug, Weingraben) and fl uvio-lacustrine deposits (e.g. Kirrberg, Entrischenbrunn, Schrotzburg, Młyny and Stawiany) as well as marine/brackish (e.g. Wieliczka, Erdőbénye, Türkenschanze, Hernals) and fl oodplain settings (Gratkorn). Some sites were previously examined applying the IPR vegetation analysis when the time interval 14-17 m.a. was studied (Kovar-Eder and Kvaček 2007 , KovarEder et al. 2008 . Such sites are included here again due to the modifi ed spatio-temporal focus of this study.
The Integrated Plant Record (IPR) vegetation analysis
This method was developed to assess major vegetation types. It applies a semi-quantitative evaluation based on the autecology of taxa and leaf physiognomy (Kovar-Eder and , Kovar-Eder et al. 2008 , Teodoridis et al. 2011a . The fossil plant record is usually strongly infl uenced or even dominated by intrazonal taxa (mainly wetland taxa), masking zonal taxa which are characteristic of mesophytic environments. The fossil fl ora of Parschlug serves as a showcase in this respect, where a few wetland taxa are most abundant and mask the true nature of this assemblage . A major feature of the IPR vegetation analysis is, therefore, to exclude intrazonal taxa to the degree possible to uncover the true composition of the mesophytic vegetation. This is important because the latter is essential for extracting climate signals.
In performing the IPR vegetation analysis, all taxa of an assemblage are assigned to the components described in detail in Teodoridis et al. (2011a) . The major vegetation types are assessed by the percentages of broad-leaved deciduous (BLD), broad-leaved-evergreen (BLE) and sclerophyllous plus legume-like (SCL+LEG) components of zonal angiosperm taxa. We are aware that the assessment of some taxa (e.g. Quercus kubinyii (KOVÁTS ex ETTINGSH.) CZECZOTT) may be equivocal and autecology of fossil taxa may differ from the most similar living relatives. Since the reliability of the results depends on the number of zonal taxa available in an assemblage, here we raise the former threshold from a minimum of 10 zonal taxa (Kovar-Eder et al. 2008) to 15 for the application of the IPR vegetation analysis. The major vegetation types as defi ned for the IPR vegetation analysis are illustrated in Table 2 . Refi ning the thresholds of components (Teodoridis et al. 2011a ) caused slight differences compared to the evaluation results presented earlier by Kovar-Eder and Kvaček (2007) and Kovar-Eder et al. (2008) . Taxonomic updates were made prior to the IPR vegetation analysis (Appendix 1).
Cluster analysis
A hierarchical tree clustering analysis was performed applying the STATGRAPHICS program in which the fossil record is clustered in the context of modern vegetation units from China and Japan (Teodoridis et al. 2011a (Teodoridis et al. , 2012 ). Ward's method was applied as a linkage tree clustering method in which two clusters (x, y) are determined by the analysis of variance, and the method joins the clusters with minimal sums of squares (the Euclidean square distance). The number of the defaulted clusters was one. The percentages of the BLD, BLE and SCL+LEG components of the studied fossil and modern sites derived by the IPR vegetation analysis served as a source for cluster analysis (Appendix 2). The dendrogram shows the relationships between modern vegetation from tropical, subtropical and temperate zones of SE China and Japan (Teodoridis et al. 2011a , Teodoridis et al. 2012 ) and of the here-studied fossil fl oras (Text-fi g. 3).
Abbreviations: IPR vegetation analysis -Integrated Plant Record vegetation analysis, BLD component -broad-leaved deciduous component, BLE component -broad-leaved evergreen component, SCL component -sclerophyllous component, LEG component -legume-type component, BLDF -broad-leaved deciduous forest, BLEF -broadleaved evergreen forest, MMF -mixed mesophytic forest, ShSF -subhumid sclerophyllous forest.
Results
Twenty of 27 sites (24 assemblages of fruits, leaves, pollen) are suitable for the IPR vegetation analysis (Tab. 1). Gregor (1982) , Kottik (2002) , Rasser et al. (2013) Schmidt (1976 Schmidt ( , 1980 , Gregor (1982) Lesiak (1999-2000) , Erdei and Hír (2002) 
Results of the cluster analysis
The comparison of the studied European fossil record with 47 modern vegetation units from temperate to tropical zones of China and Japan (Teodoridis et al. 2011a (Teodoridis et al. , 2012 
Discussion
This study is deliberately designed on a rather narrow time interval of about 4 million years with a strong regional focus in order to uncover regional vegetational and climatic peculiarities. The dating of the plant assemblages does not allow for higher resolution in time. No estimations are available regarding how much time is refl ected in the individual plant-bearing sediments, nor is an estimation possible as to whether, and to what degree, plant taphocoenoses accumulated with an overlap in time.
The strong signal towards ShSF derives from the sites in the Pannonian Basin, the North Alpine and Carpathian Foredeeps, the adjacent Parschlug Basin, and the Swabian Alb. Ecotone between MMF/BLEF, indicated by Wieliczka, Randeck Maar-pollen, and Weingraben-pollen, contrasts with the leaf and fruit record from Randeck Maar and Weingraben, which signals ShSF. Such differences in the pollen versus the leaf and fruit signal are probably related to the lower taxonomic resolution of the pollen record and to the fact that pollen assemblages may be much more strongly infl uenced by long-distance transport than the macro record (Kovar-Eder and Kvaček 2007). Note for Wieliczka, Randeck Maar-pollen and Weingraben-pollen that the results (ecotone MMF/BLEF) differ from the formerly presented ones (BLEF; Kovar-Eder and Kvaček 2007 , Kovar-Eder et al. 2008 ). This is due to the fi ne-tuning of the IPR vegetation analysis, i.e. raising the threshold of the BLE component from 30 % to 40 % for BLEF (Teodoridis et al. 2011a) . Dated by the fl ora, the age of the assemblage from Horní Bříza, which points to the ecotone MMF/ShSF, is less confi dent. No further interpretation of this result should be advanced at this time.
In the Carpathian Foredeep, the differences in vegetation proxies from the Badenian sites (Wieliczka ecotone MMF/ BLEF, Swoszowice and Stare Gliwice ecotone BLDF/MMF, Gdów Bay BLDF) compared to the Early Sarmatian ones (Młyny, Młyny and Stawiany both ShSF) may be related to differences in age. Our results for Stare Gliwice are somewhat contradictory to Szafer's (1961) , who recognised a distinct "Mediterranean" element there (e.g. Juniperus, Buxus, Cotinus). These taxa are, however, by far outnumbered by broad-leaved deciduous ones, explaining the results of the IPR vegetation analysis. The signal from the Carpathian Foredeep (BLDF to ecotone MMF/BLEF) compared to the other regions at that time may refl ect regional vegetation differentiation due to either more humid and/or a more equal year-round distribution of precipitation there.
In the North Alpine Foredeep, Podocarpium podocarpum is a characteristic element of the fl oras assigned to phytozone OSM 3b sensu Gregor (1982) . The understanding of P. podocarpium as a wetland-species and indicative of humid climatic conditions assumed that it is closely related to Gleditsia aquatia MARSHALL and G. heterophylla BUNGE (Gregor and Hantke 1980) . Herendeen (1992) has, however, demonstrated that P. podocarpum has no contemporary equivalent. In the fossil record, P. podocarpum occurs not only in plant assemblages of strong intrazonal character such as the sites in the North Alpine Foredeep, but is also abundant at sites that mainly refl ect zonal environments such as Randeck Maar, the Erdőbénye sites, and Steinheim. This explains our interpretation of it being a mainly zonal taxon with a wide ecological range.
The here-presented results in which ShSF is the dominant zonal vegetation unit in this region contrasts with those obtained for preceding and later Miocene periods (Kovar-Eder and Kvaček 2007 , Kovar-Eder et al. 2008 , and see below). ShSF as an important zonal vegetation unit in the Paratethys region during the Middle Miocene was not clearly recognised by Kovar-Eder et al. (2008) because the time interval 17-14 m.a. (late Early Miocene to early Middle Miocene) was not suitable and, covering the entire area of Western Eurasia meant that study was on too large a scale.
Vegetation characteristics during the Middle Miocene
Due to the ongoing discussions regarding the vegetation and climate in the Langhian/Serravallian (e.g. Hably and Meller 2017), we here attempt to outline a feasible picture of the landscape and vegetation. In the Langhian/ Serravallian time interval, the Central Paratethys was highly dissected by islands and the arising Carpathians (Text-fi g. 1); tectonic activity was connected to volcanism. The fossil record is rich, i.e. from former islands in the Pannonian Basin (Tokay Mountain sites related to volcanism), the Carpathian Foredeep (Wieliczka, Swoszowice, Gdów Bay, Stare Gliwice, Młyny, Stawiany), from western parts of the Pannonian Basin system (Weingraben, Devínska Nová Ves, Sopron-Piusz puszta, Türkenschanze, Hernals), from fl oodplain environments at the NW margin of the Styrian Basin (Gratkorn), and the Parschlug lignite basin in the Norian depression. Along the North Alpine Foredeep, in its western part, fl uviatile-lacustrine domains prevailed (e.g. Schrotzburg, Entrischenbrunn, Kirrberg). On the Swabian Alb, which was a karst plateau at that time, maar lake deposits (Randeck Maar) and the deposits of an impact crater lake (Steinheim) record the surrounding vegetation. Finally, the fl ora from Horní Bříza represents the record from fl uviolacustrine sediments of the Plzeň Basin in the southern part of the Bohemian Massif (Text-fi g. 1, Tab. 1).
Intrazonal vegetation developed along streams, braided rivers, fl oodplains, and lakes. Characteristic are, among others, Acer tricuspidatum, A. angustilobum, Juglandaceae, Liquidambar europaea, Platanus leucophylla, Populus, Salix and Ulmus pyramidalis. In particular braided river systems and fl oodplains probably occupied vast regions with very diverse habitats ranging from almost mesophytic to riparian and fl oodplain forests, to swampy and aquatic habitats. These environments, which are best represented in the fossil record, were most dynamic due to major factors such as water discharge, tectonics and sea level changes.
Including the pollen record, were able to delineate the altitudinal vegetation zonation. Conifers (e.g. Abies, Keteleeria, Pseudotsuga) and mainly broadleaved deciduous woody taxa formed extrazonal forests at higher altitudes. Such vegetation is refl ected in the pollen record of Randeck Maar, Weingraben and Devínska Nová Ves. ShSF developed as zonal vegetation in mesophytic colline and lowland environments. Northwards, zonal vegetation turns into the ecotones between MMF/BLDF and MMF/BLEF. ShSFs were characterised by broadleaved deciduous trees and shrubs (BLD component mainly around 45-60 %), trees and shrubs with sclerophyllous and legume-like foliage (SCL+LEG component around 20-40 %) and broad-leaved evergreen ones (BLE component around 5-29 %). They differ in composition from that of earlier and later periods in several aspects. Oak diversity is high, including a mixture of both broad-leaved deciduous (Quercus gigas, roburoid oaks type Q. pseudocastanea) and more or less sclerophyllous, probably also deciduous ones (Q. mediterranea, Q. drymeja, Q. kubinyii), including both more ancient (Q. drymeja) and younger (Q. gigas, Q. pseudocastanea) species. Podocarpium podocarpum is among the most common species, often occurring in great quantities (e.g. Randeck Maar, Erdőbénye sites, sites along the North Alpine Foredeep, Steinheim). For Hungary, Hably (1992) lists the following additional occurrences: Gyöngyöspata, Szurdokpüspöki and Sajómercse (all Badenian) and Bánhorváti, Bújak, Diósgyoőr and Füzérradvány (all Sarmatian in age). Further taxa occurring at numerous sites and often abundant are elms with smallsized foliage of the type Ulmus plurinervia/U. braunii and Zelkova zelkovifolia. Buxus pliocenica, Celtis and entiremargined maples (Acer integerrimum, A. integrilobum, A. pseudomonspessulanum) occur commonly but usually are not abundant. Taxa with compound leaves of Sapindalean affi nity (such as Rutaceae, Simaroubaceae, Sapindaceae) but of yet often uncertain generic assignment occur at many sites; their leafl ets are sometimes abundant (e.g. Steinheim, Randeck Maar). Conifers are both scarce and low in diversity, except for pines. A remarkable feature of the Middle Miocene plant record is the fi rst occurrence of broad-leaved deciduous taxa such as Acer vindobonensis (ETTINGSHAUSEN) BERGER, Ginkgo adiantoides (UNGER) HEER, Platanus leucophylla and Quercus pseudocastanea (Kovar-Eder et al. 1994) . Some ancient taxa such as Engelhardia orsbergensis (WEBER) JÄHNICHEN, MAI et WALTHER/macroptera (BRONGNIART) UNGER, Lauraceae (especially Daphnogene), and Tetraclinis salicornioides may also occur. Records of palms are extremely rare, restricted to the oldest sites Horní Bříza and Randeck Maar and to Stare Gliwice. The zonal vegetation was diversifi ed depending on the soil type, sun exposure, and altitude. Erdei et al. (2007) recognised this unique fl oristic character in the Hungarian Sarmatian, stressing also its "subxerophytic" aspect and suspecting that this may be related to the volcanic environments. We demonstrate here that this vegetation type had a wider spatio-temporal distribution, although it appears restricted to the (latest Early) and Middle Miocene. KovarEder et al. (2012) demonstrated that the vegetation during the late Early and early Middle Miocene was characterised by an increased proportion of anemochorous woody taxa and, vice versa, decreasing endozoochorous taxa, contrary to that of preceding periods. These shifts in dispersal syndromes indicate changes in diet sources for herbivores. We suspect that these trends would appear even more pronounced if the Early and Middle Miocene records were separated properly, as done here.
Comparing the fossil record to modern vegetation in China and Japan by applying the cluster analysis and/or IPR vegetation analysis, the Middle Miocene plant record shows a close affi nity to ShSF vegetation (Meili Snow Mt., Yunnan, China), which is distributed at 2,580-3,650 m alt. (Wu et al. 1987 , Ou et al. 2006 ) and in California, USA (Tang 2006) .
The here-presented results support the view expressed by several authors (e.g. Jing 1981 , Zhou et al. 2003 , Tang 2006 ) that modern evergreen sclerophyllous oak forests in China presumably evolved from sclerophyllous Quercus forests in the former Tethys region after the uplift of the Himalayas.
The Middle Miocene plant record compared to the Early and Late Miocene
Separating the Early Miocene from the Middle Miocene plant assemblages (compare Kovar-Eder et al. 2008 : appendix 6) reveals that the former usually differ by having higher proportions of the BLE component and lower ones of the SCL+LEG component. This explains BLEF or MMF, respectively, as the major vegetation units. The fl ora from Randeck Maar, which is correlated to MN 5, indicates that ShSF probably started to spread in the outgoing Early Miocene/earliest Middle Miocene. We assume that the time frame 17-14 m.a. set for the afore-mentioned study was not suitable to detect these changes in the dominating vegetation unit from BLEF/MMF in the Early Miocene to ShSF in the here-studied region in the Middle Miocene.
In both Early and Middle Miocene plant assemblages, the BLD component is similarly low. The fi rst occurrences of several broad-leaved deciduous taxa such as Acer vindobonensis, Alnus ducalis GAUDIN emend. Knobloch, Fagus, Ginkgo adiantoides, Platanus leucophylla, and Quercus pseudocastanea (Kovar-Eder et al. 1994 ) do, however, indicate dynamic changes in the composition of the BLD component during the Middle Miocene. In the Late Miocene the BLD component is usually distinctly higher, often exceeding 80 %. The LEG+SCL component is similarly low in the Early Miocene and Tortonian but distinctly higher in the Langhian/Serravallian. Due to the diversity of broad-leaved evergreen taxa of Fagaceae, Lauraceae, Magnoliaceae, Theaceae, and Symplocaceae, the BLE component is usually highest in plant assemblages from the Early Miocene. In contrast, its values are similarly low in the Langhian/Serravallian and Tortonian. Our interpretation is that the increase of sclerophyllous and legume-type taxa occurred at the cost of broad-leaved evergreen ones from the late Early Miocene onwards. The increase of broadleaved deciduous taxa occurred in the Tortonian more at the cost of sclerophyllous and legume-type taxa than of broadleaved evergreen ones. Podocarpium podocarpum already appeared in the Early Miocene, e.g. Čermníky (Bůžek 1971) , and developed a bloom in the Langhian/Serravallian. It became extinct during the Early Pannonian (Hably 1992) . In the Tortonian, the diversity of deciduous broad-leaved Betulaceae, Fagaceae, Hamamelidaceae, Juglandaceae, Sapindaceae (Acer), and others accounts for the overall higher values of the BLD component (Kovar-Eder et al. 2008) . In Late Miocene taphocoenoses, the proportion of the BLD component is usually higher than that in the Early and Middle Miocene assemblages. In contrast, the SCL+LEG component is distinctly lower than in the plant assemblages from the Langhian/Serravallian: its values are more similar to those retrieved from most Early Miocene sites. presented palinspastic maps of the Miocene evolution of landscape and vegetation. These maps clearly indicate "sub-humid aspects" in southern parts of the Paratethys (Hungary, Serbia, Romania) and an increase in broad-leaved deciduous elements in more northern regions of the Paratethys during the Late Badenian. Utescher et al.'s (2007) assessment of tree diversity and vegetation, scoring the Miocene plant record to functional types (PFT), is more diffi cult to compare. This is because the PFTs are not congruent with the components defi ned for the IPR vegetation analysis. Moreover, the plant record is treated in an undifferentiated manner to assess the overall vegetation, contrary to the IPR vegetation analysis, which differentiates plants according to the presumable autecology of the taxa. We assume that "PFT 9 broadleaved evergreen -warm temperate/dry season" is similar to the SCL component in the IPR vegetation analysis. Cluster analysis of the PFT scores groups Öhningen (comparable to Schrotzburg), Randeck Maar, Türkenschanze, Erdőbénye-Ligetmajor and Młyny in cluster (M2). In this cluster, PFT 9 is of signifi cance, indicating elevated values of woody plants adapted to seasonal drought, similar to the results of the IPR vegetation analysis. Otherwise, the PFT approach delivers distinctly higher proportions of broad-leaved deciduous taxa than obtained by the IPR vegetation analysis. This most likely refl ects the undifferentiated treatment of the zonal and intrazonal taxa by the PFT analysis. Accordingly, the vegetation assessment based on the PFT approach is considered less convincing.
Comparison with existing vegetation reconstructions
In the context of the modern vegetation units of China and Japan, as applied here, the Tortonian plant assemblages from Crete (Gavdos, Makrilia, Pitsidia) also plot with ShSF (Mantzouka et al. 2015) as does most of the Langhian/ Serravallian record from the wider Central Paratethys region. Floristically, especially Makrilia and Pitsidia show distinct similarities to our Central European record as refl ected by the diversity of oaks and the occurrence of Buxus pliocaenica, Podocarpium podocarpum and others (Sachse et al. 1999 , Zidianakis et al. 2010 ). This highlights the evolutionary linkage between ShSF vegetation in both regions.
Vegetation evolution signals climate change
Although the IPR vegetation analysis is not designed for direct climate assessment, the resulting vegetation development not only refl ects regional landscape development and related vegetation change, but also points to overall climate change in this region.
Today, ShSFs are bound to climates with pronounced seasonal changes in precipitation. Based on the here-studied record, the Langhian/Serravallian period experienced more marked precipitation seasonality than the preceding and following periods. The onset of such climatic conditions occurred around the turn of the Early to Middle Miocene, documented by the fossil fl oras from Randeck Maar (MN 5). The Swabian Alb may have been suitable for the early appearance of ShSF due to the hydrological regime characterising karst plateaus.
The development of the BLD component (similarly low values in the Early and Middle Miocene, distinctly higher ones in the Tortonian) points to a stronger temperature drop around the turn of the Middle/Late Miocene than in the preceding Miocene time. This supports Böhme's (2003) assumption that the changes in the precipitation regime (towards a seasonal dry climate) in the Early Badenian were probably less linked to changes in the temperature regime. The fi rst records of several broad-leaved deciduous woody plants (see above) in the wider Central Paratethys region cannot be further resolved stratigraphically to underpin a drastic drop in mean annual temperature around the Langhian/Serravallian turn as assumed by Böhme (2003) .
Based on the herpetofauna, Böhme (2003) and Böhme et al. (2008 Böhme et al. ( , 2011 suggest strong seasonality in precipitation in the Early Langhian, dry climatic conditions in the later Langhian, and dry conditions during the interval Late Serravallian/Early Tortonian. For the wider Central Paratethys region, the plant record indicates seasonal drought, but the stratigraphic resolution is insuffi cient to recognise possible oscillations.
Based on the Coexistence Approach (CA) (Mosbrugger and Utescher 1997) , the record of fossil wood from the North Alpine Foredeep in southern Germany served for another attempt to reconstruct the vegetation and climate (Böhme et al. 2007) . Those results indicate an almost equal distribution of precipitation year-round and, overall, humid conditions from the Late Ottnangian through the Middle Badenian. Our results, which include several plant assemblages from the North Alpine Foredeep, do not confi rm such climatic conditions for the Badenian. Bruch et al. (2011) presented precipitation estimates for Central Europe throughout the Miocene based on the evaluation of 169 plant-bearing sites by the CA. Several of the sites they evaluated palaeoclimatically are also included in our study. Those authors, however, arrive at very high humidity during the Langhian, followed by slightly lower humidity and seasonality in the Serravallian and slightly increased precipitation and seasonal changes during the Tortonian. Their results for the Langhian in particular are not in agreement with ours nor with those derived from the herpetofauna (Böhme et al. 2011 ). Otherwise, their compilation is too rough for deciphering variability in humidity at smaller regional and shorter time scales. We assume that the CA proxies reveal high humidity values and minor variability because this method neglects autecological differentiation. Furthermore, it relies on so-called "nearest living relatives", which more precisely should be termed "most similar living relatives" because though most similar, they may not be the closest relatives. Taxa of unknown or problematic taxonomic affi nity must be excluded from the CA. Such taxa are, however, not uncommon in the Miocene (e.g. Cedrelospermum, "Sapindus" falcifolius (A.BRAUN) A.BRAUN), and especially small-sized, sclerophyllous leaves are often of unknown taxonomic affi nity. In contrast, the IPR vegetation analysis includes such taxa to the extent possible, evaluating leaf physiognomy.
Conclusions
The Middle Miocene plant record in the wider Central Paratethys region provides a consistent signal pointing to vegetation adapted to seasonal changes in precipitation. This signal was already recognised by many authors for the Early Sarmatian (e.g. Berger and Zabusch 1953 , Andreánszky 1959 , Szafer 1961 , Gregor 1982 and, subsequently, was interpreted very controversially both in terms of vegetation and climate. Our study of mainly independently dated fossil fl oras with the spatio-temporal focus on the Langhian/ Serravallian of the Central Paratethys region reveals that ShSF was a wide-spread vegetation unit at low altitudes during that period (i.e. zonal vegetation). Its spread may have already started there during the latest Early Miocene. Constraints on stratigraphic correlation hinder, however, tracing possible oscillations in vegetation and climate.
Forest dynamics, namely fl oristic composition, must be envisioned as depending mainly on soil type and sun exposure, but also on altitude. Broad-leaved taxa preferred more humid sites (e.g. north-exposed slopes) than sclerophyllous and legume-type taxa. The Langhian/ Serravallian record of likely zonal taxa differs both fl oristically and leaf-physiognomically from that of both preceding and later Miocene periods. This becomes evident only when the fossil record, which is usually strongly dominated by intrazonal taxa, is differentiated according to taxa preferring zonal or intrazonal habitats. Intrazonal environments (along river systems, fl oodplains, swamps, lake margins, etc.) and their specifi c plant communities occupied vast regions, e.g. in the North Alpine Foredeep. Extrazonal vegetation (vegetation at higher altitudes) is mainly refl ected in the pollen record.
The zonal vegetation of the Langhian/Serravallian is comparable to that occurring today under natural conditions in the northern hemisphere with a climate at the transition between Cs to Cfa/Cfb (sensu Köppen). 
